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SUMMARY

Formulas £o0r the caleculation of influence coefficients
of curved beams of constant radius of curvature are presented
corresponding to displacements in the plane of curvature,.
Moreover, numerical values are given in tabular and graphic
form for a limited number of values of the paramsters in-
volved. o :

. INTRODUGTION. .

In part III of these 1nvestigatioﬁ§'(refeiadce 1) the
bending moment distridbution in closed rings was calculated
by numericel methods. In the course of these calculations
it was observed that the determination of the isfluence co-
efficients o0f ring segments ls rather laborious, Influence
coefficients are the force and moment reactiops at the ends
of ring segments that correspond to prescrib%.ﬂnit dig-
placements. Their wvalues must be.known when ring pProblems
are solved by the numerical methods.

»

Formulas for the computation of the influence coeffi-
cients are presented here in order %to reduce the work of the
stress analyet availing himself o0f the numericsI methods. ®
Moreover, numerical values of the,coefficienﬁfﬁie given in
tabular and graphic form for a limited number 0f velues of

the parametere involved. . R S
s -—
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A " érdss-ﬁec££onai'é;e;l5f bar R
Ar o effective'shéaf a;éan(f;;ed—on tension) e
Agy o .area of flange of built-up cross_section . .o
e | width of rectangular cross section of ba:;:nq e e
c-C ) N érosa section of ba; _” - o o ig!SJ
a dimension of croéé—seétion of bag Y_
E ' Young's modulus of elasticity
fani1fnparete. fﬁnctioﬁs of 8 =
fgq. | ::]Shearing stress ) -
F : _;r i"fixed" end of bar e R -
FopnasFopseeté, functions of @ ”' '_ﬁl
¢ . shéar modulus '
h height of rectéhgﬁlgr crossfsectién of.ﬁ;r
1 _ . mﬁmeﬁt.of inerfia _ T
L developed 1ength of_median 1ine of bar -, A
M "movable" end of" ba; : R ) -
N end moment reacting Qn bar | | | o
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¢} center of curvature of circulsr median line of bar
P tension force zcting on a eross section

shear flow acting ealong bar

2] . static moment about neutral axis
T radius of circular ;;&ian line of bar
R end radial reaction acting on bar -
t - . thickness of crosa_iﬁction K
tey ’thickness of flange of section ! ' ff ”‘;
ty thickness of web of 'gection . '1’:J5:;i L
T end tangential reaction acting on yar T
U | total strain energy - : f'j"
Ubending bending strain enégy .
Ushear: shear strain.energ;i T‘.H\‘ '{“‘i - !f~'3m S
Utonsion ?eﬁsion spraiﬁ ené%éy h _' | : '._..: o ‘H, .
v o shear fbrpe’actin'ﬁh,gqcioss sé&p?én ) r:! :w.:h — .
x ‘*f-j %éctépgélgr QOONAEEte o B ::”1;i]tx _ _'ﬁ:.’1: -
Yy rectangular coordﬁnate ) . s
angle subteqded h# circularnmedignlline of bar
Y section-length parageter (Aszi) o
3&,5R,BT -unit movements of movable end of bar A ;E
a : | determinant Ii "{'—'  _ - .:;f o ;Q;_;;;STT?T,H-'_
] ' angular coordinJL - - fg;t1;ﬁt.n'; ?u;;;r_j;;f'
=1+ (/%) [ty + 11N R
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v o= (G/E) R AT P LI ":— R T A ’
t = (A*/A) e lri wnen. e e se T

® angular coordinate e e k- A

The symbols used to '‘denote influence coeffilcients are
defined in the following manner:

[ cee e [ B

The symbol (ab) stands for the force or moment a

caused by & unit movement in the direction.af: v . (which di-
rection is that of the force R or T, or of the moment _N).
Thus (nn) 1is the moment due to & unit rotation, -while (%tr)

is the tangential force arising from s unit radial displace-
ment. Further, to digstingulsh the reactlong at -the fixed i
end from. those at the movable end, the sudbscripts F and M

are employed. UConsequently, (nt)F - 18 the moment arising at

the fixsd end of the curved bar as a result of a unit tan-
gential displacement of the movable end, while (tt)d stands

for the tangential force. at the movable end due to a unit
tangential displacement of that end.

The moment, radial force, and tangentiallforde'caused B |
by a constant shear flow are denoted by the symbols n,4, 24,

and tq. respectively. The sign convention is that shown . ?

in figure 1, and the values given ars valid fior the end of . .
the bar toward which the shear flows. At the opposite end
the reactions are equal in magnitude and opposite in slgn be-
cause of the antisymmetry of the system. It should be noted
that 2ll the reactions considered :here are acting from the
support upon the curved bar. =
¥ . et '— R .- b |

. .-a-.;_"---t-p a0

. STATEMENT OF THE' PROBLEM: e ~w~ -

o ' : " Sy o S Foo om0t

Figure 1 represents a bar the median llne of whioh is
an arc of a circle sudtending an angle 8. The-forceés ' acting.
upen the bar are the radisl and tangential components R and
T, respectively, of the reaction forces at the end :points
P and M, the reaction moments N at the end points, and
the uniformly distributed shear flow . g, -&ll . takenipositive
as shown, : ’

hi

e . T
o, \'.-vll,--'

The Ffirst step in the calculations is the determination
of the bending moment, the tensile force,.and’thé. ghear force. -

3
L1
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acting in an arbitrary. section of the cirved bar. Next, the
total strain energy stcred in the bar is calculated.

The unit problem proper consists cf the calculatian of
the six.reaction forces and momsnts caused by a generalized
unit displacement of end point M (the "movable end point")
when there is no shear flow acting on the dar., It is con-
venient t0 choose the generalized unit displacemsnt as a tan-
gential displacement,. & radial displacement, or & rotation.
The calculations are carried out with the ald of Castigliano's
theorem, according %o which the partial differentisl coeffi-
cient of the sirain energy  with respect to ‘any urknown ‘gener-
alized reaction is equal to the generalized displacement of
the point of attack of the generalized reaction in its own
direction. The curved bar is considered a cantilever flxed
at point ¥, and the strain energy 1ls expressed as a func-
tion of the unknown reactions at point M, 3By setting the
partial differential coefficient with respect to one of the
reactions at M equal to unity and the other two equel %o
zero, the resulting three simultaneous linear equations can
be solved for the unknown reasctions at the movable end. The
three reactions at the fixed end F- of the bar can then be
determined from conditions of equilibrium.

If in turn “the three generalized displacements are - set"——
equal to unity, the reactlions corresponding t0o threa unit

problems are obtained. .. -

In the last problem discussed 1n this report all the
three dlisplacements are equal td zero, but the shear flow g
has a finite constant vglue. . In this case again three si-
multaneous linear equations are obtained which can be solved -
for the unknown reactions at one end point. The rezsctions
at the other end are equal in magnitude and opposite in
sense because of antisyumebtry. .

CALCULATION ,0F THE STRAIN ENERGY

Bending.Sjrain Znergy .- -

The bending moment af point O /fig, 1) csused by the
uniform shear flew g is . ez 0} . S .

¥y =L/p qr>ae [1 - cos (m - 9)] = qr (m - 8in m) (1)

(3 P - --r
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The radial reaction. R contributes e moment of Rr sf

and the tangential unknown force ‘T gives Tr(l - cos @)
For convenilence the subscript M is omitted, The omission
cannot cause any misunderstanding, since the reactions at
point ’ F do not appear in the exPressions for the strain g

L. - ~—u

energy._ B —-.ﬂ..r:;ﬁ-. Cex A TR YT

"The total bending moment at point C due to all forces
up to that point 1s the sum of the above mentioned terms and
the- unknown end moment N: ;

v

-] ’
Np = ar® (@ - sin @) + ¥ + Br sin @ + Tr (1 - cose)  (2)

The qtfain energy stored in the structure due £0 bending is:

e, AL R P b PR 4 2 | . .
Con Uyenaing = (1/231)_ N, rde S (3)

Tension Strain unergy
Upon each radial cross section such ag 0C-C_ there acts
a resultant tension force equal to the sum” ot the components
of all forces up to that point taken in the tangéntial di-
rection at O0~C, The force due to the shear flow _ig

e '-"."f" -
- s -

"
L]

w A

If the appropriate components of the  reaction £orces are
added, the resultant beoomes j :
I .4
P = cog ¢ w-R sin @ + qr sin @ ) (5)

The expression for the tension'strain energy is

- L .'_. B 18 S, . .
Utension = (I/ZEA)_/P P rag . (6)
Lo , -

- . : E

-

A Dbeing the &rbss-sectional area of the bar.

e - , : - Tt o ;
-_;f'q:'---;’/-1 qrd® cos (p - 6) = gr Siﬁ‘@:,“- _iu'(4),£1

= - 0 ' w A Lo T -

e

I

i
S

i
t

i bl
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Shear Strain Energy .

Upon each radial cross section there acts a Trssultant
shear force V. The strain energy due to shear cannot be
determined quite so easily as that due to tension, because
the shear stresses are not uniformly distributed over the
eross section, The strain energy stored in an element of
the bar of an infinitesimal length dL ,can ‘be calculated
from the formula: L) = ]

iUshear“;’(dL/zG{/P fsa aA v/ . (7)
A

& -

where o o -

fy shearing stress at any point 0f the cross section due
to ¥

atmTT H ‘ '

——

G gshear modulus of the material

dA elementary area of section

After integration this can be written in the form,

au (v?/2mA™)aL ’ (85>“

shear ~
which is equlvalent %o the strain energy caused by a uniform
tension force equal to the shear force V, acting over an
effective shear area A*. In generel, A* will be less
than A the total crosgg-sectional area, and the ratio

A*/A = b owill depend on the type of cross section., This
value will now be calculated for four sections that may be
taken t0 represent the provable types and cover the usual
range irn aircreft structures.

1. Thin-walled I-section,- For a thin-walled I-séction

such as shown in figure 2(a), the shearing sttess at any
point is: _ = . PR

£q = V/Igt T (9)

whers

g

Q statlic moment eabout the neutral axis of‘the?°rtion of
the sectlon extending from the free edge to the point
in question -

]
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I, moment of inertias of the section about the neutral axis

t thickness of-wall

For the right-hand half of the flange, with the notation of
figure 2 (a), '

fgq = (V/Igte)(a —-x)tfh = (V/Ix)(a37 ;ah' (10a)
when 4 > x> 0
For a point on the web:
£, = (2Vntea/Igt,) + (V/21)(n° - 5°) (10b)

whenu_x =0, h 2y >-«h

The total shear strain energy of the infinitesimal ele-~
ment will be:

dUghear '-‘.dl'b/n (1/26)f.%ah = (¥/1.)7(aL/e) {(zhaastf/s)

+ 2twha[ahd2(tf/tw)§+ftzhaatgisiw)+ (h3/15)] } (10¢)
But £y EAREI |
Ig-# f;h [tfd + (ntw/B)] L
and , ) _ o e ' _r ."""'-... :-. r:.'" -, ] — ‘ -1-.11-
o s = 2(2658 ¢ Dy Y. -
Thus ; 1~ 2 ﬁfinu~. < - ;-_ ».téffr.ats_ Coeeent
_ crotis A
V- 4L/2% -
e (av/a) - [22)
: s : j_l,ﬁaL f (1/26)fg aa

2 .
. [6 EEE.+ 1 ]
- t . .

P (Ei o 5.# 4 S £ & a, t d. tf¢>a 'bfd + 1 €20)
l: by 1:[@;) Wb SRy '5':]

!
["PITS
PR

. EFETE
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If 4/h 4e taken as 1 and tg/ty as 1, £ 4s found to be
0,114. 1If d/h 1/2 end tgfty = 1, then ¢ = 0.182,

'2. Thin-walled channel section.- With the notation of
figure 2(b) the value of ¢ for.the channel section is

= (a%/a¥) = (2> | [ ) ] 3 (11)
Y ][@ @ O &)
This result is approximately valid for a Z-section also.

In a typicel case d&/h =1 and £ is found to be 0,16,
With a/h = 1/2  the value 0,236 1s obtained.

3. S0lid rectangular section.~ In the case 6f the sol~'
id rectangular section

£ AT (v°/38) an

: = (15 v/18) = 0.32-// (12)
A& a(9v®an/isac) - ‘

It is instructive to note that the result is indegendent of
the ratio b/h. Moreover, equatiocns (10) and (11) reduce %o
equation (12) when the ratio d/h 1is equal to zero,

4, Built-up section,.~ For a built-up section like that
of figure £7d), ¢ 1is merely the ratio of the area of the.
wedb to the total area of the section, times the ratio v
= G/¥. Therefore

tE = A*/a = v ht/(ht + aifl)';*vftl + (2hgy/08)) (18)

As fear as .numerical values are concerned, th will al-
ways be smaller than 2Ap;. Oonsequently,” £ ¢annot exceed

the value 0,192, For the other extreme, that of 'da very light
web, 4 may become 0,01, -

It is eeen that the parameter ¢ may thus vary from
about O0.0L to 0,32, Because 0f the work involved, it was
not found practical to compute the influsnce coefficients
for many values of £, Moreover, the effect of ¢ 1is not
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very important. Hence only. three values of £, namely, n
0,01, 0,1, and 0,26 were' chosen when the tables and graphs
were set.up, In an actual problem the value should be used
which is cloeest to that of the actual section., - If more ac-—
curacy is desired, the actual value of ¢ pay be used, but
then the influence coefficients must be calculated from for-
mulas developed later in this report, and no advantage can
be gained from the tabulated values.

On returning now %o the calculation of the shear etrain
energy, it i1s necessary to determine the shear force V act~

ing at any section subtending an angle . The part contrid- L oA
uted by the shear floy is L S T o=
fc/n qrd® sin (@ - 8) = gr (1 - cos ®) (1) .

With the components'of- R and T the shear force becomes
Y =7 sin'p + R cos ® + qr (1 - cos ) | (18) 1

The Total Strain Energy

The total strain energy of the system can now be written -
down,

U =Upenasng * Utension * Ughear N TS~ =

ﬁ — o _.\,.B ”’-‘” ﬁ -
=/;N,p‘/amx)_regp+ | (p®/2EA) rdtp-t-_/‘('v'a/ZEA"‘) rdp  (16)
A EEARA 4 T S

where the sxpressions for M; P, and V are given by equa~
tions (2), (5), and (15) respesctively,

. DETHERMINATION OF THE DIFFERENTIAL COEFFICIENTS ' 4

. In the solution of the unit problem with the aid of
Castigliano's theorem the partial differential coefficlents - N
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of the total strain energy (equation (16)) are needed with
respect to the reactions N, R, and T a%t the movable end.

These partial differentigl coefficients can be written
in the form -

s

- (EI/r)(3U/3N) = N; + Rr(lv; cos B) + Tr(E ~v§in B)

+ qr3[(82/2) + cos B - 1] = (BI/r)sy (17a)

(BI1/r®)(3U/3R) = WN(1 - ‘c/:os B) + Rr{(ﬁ/z)[f-t- (EE/Y)

1

J
. Tr{l - cbs B - (1/2)(ein® 8) I+ (82/¥) - (e*/vm}

s (B°NE)] - (1/a)(s1m 28) % + (£2) = (E°/vE )]

+

qrz{—ﬁ cos B + (sin B)[1+ (B°/¥E)] - (8/2)[1+ (8%/Y)

+

(8% /vEYT+ (1/4)(sin 28)[1+ (B®/V) - (salvi)l} |

(8127 )8y (171)

o v v
(EI/rz)(aU/BT)z N(B- sin B)+ Br{}-c;; B

-(1/2)(ein®B) [T+ (as’/v)- (sa/vg);}} +'Trfs: 2 ein B

|

s (B/2)[1% (B2/¥)+ (B2/vE)T+ (1/4)(e1n 28)[1+ (82/%)

- (aa/YVE)]}'~+qra{(53/z)—- B sin B+ (1/2)(ein®g) 1+ (8%/Y)

- (E%/¥8)] + (1 - cos 5)(53/72)}= (EI/r‘E)sT (17¢) |
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where * i+ Talls Le o=a | - . ‘
' v = aL®/1 = Ar°8°/1 ., (28)

Some simplification can be gained by the substitutionss

Vo oAl

1+ (B%/%) + (B/vE) = & C O (19e)
. 2 2 -
L4+ (BY) - (B /YE) = A (19v)
CALCULATEON OF THE UNIT PROBLEN WITHOUT SHEAR FLOW . 74~

Influence Coefficients . LT,y

If in equations (17) gq and two of the three genéralized
displacements 8y, 8gr, and 8p are set equal to zerc, While

the third generalized displacement is assumed to be equal to
unity, the resulting three simultaneous equations represent
one of the.three unit problems without shear flow., By let-.
ting escli of the .displacements in turn take on the value 1,
the equations corresponding to the three unit problems are
obtained, Since they are linear in the unknown reqqqiqnst
they can best be solved by the method of determinants. - The '
following notation is used throughout this paper:

The symbol (ab) stands for the force Or momeht &  °
caused by a unit movement in the direction of b (which di-
rection is that of the force R or T, or of the moment
'N), Thus (an) 4s the moment 4ue to a unit rotation, while
(tr) 1s %he tangential force arising from s unit radial dis-
Placement. TFurther, to distinguish the reactions at the
fixed end from those .at the movabdle end, the subseripts F
and M are employed. Gomsequently; (pt)p *is’ the moment.’ -
arising at the fixed end of the curved bar as a result of g

unit tangential displacement of the movable end, while (tt)y -

etands for the tangential force at-the movable'end due to a
unit tangential displacement of that end. . .
: . et
It would'dppéar then that ‘there were 2 'X 3 'x 3= 18 dis-
tinet reac%ig&s to he determined. In reality there are only
12, since (ab) = (ba) for either the movable or the -fixed
end in accordance with Maxwellfs theéorém of rediprodity.

4
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The six independent influence coefficiefits Zor thé mevadle
end can be calculated from the following equations:

n L:o g8 /2 ?‘_: <o = (20a)
(nndy 33 . P (EI) - &
(and., B -‘%EE.(;iD 0
(DI‘)M BT = f A EI (2 'b)
N L2 2 Aﬁ I'a
= =22 (- : 20
(atdy 57 = #° 2 (EI) (20c)
T3y, L2 oogs 87r ordN - 204
(rr)M Bl B A <EI> ( )
— w3 AT o 3 . ’ e
- % v S = 3 —u r R : 20
(r$)y ™ B A (EI (20e)
— L3 s 8%t /z3 Ca
tt = — (=~ : v . (20f
Gtdy 37 = F (EI) (z01)
where
a L2 ' ' 2 ' -
(A(g ) = Fp, & * Fp, &+ FA; A + Frg A _(zla)
— 2 Y =
(a7n/BIr) B = F  , X%+ F k+F . N+F , AF o (210)
~(a73/81) 8% = Fpp, k¢ Fpp, A+ Fuog (21¢) 7
(ATn/BI) B® = +Fyqy k + Fypp M+ Fypg (214) -
(A73/B1) 8% = Frpy k + Fpp, M+ F (2le) ~

~(a5a/B1) v° = Py, A+ F (21¢)

(AT5/BI) rB% = Fyypa kb + Prya A+ Pyyg (21g) -
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The functions F are defined as

3 =
. FAI = (l/‘l) B .
¥ = -2B3sin? (3/2) ‘
ba P > (22a)
Fps = ~(1/4)B sin® B
Fpe = ~(£/2).sin 28 + sin P y

B

an1 = (1/4) g |
(1/2) g% - B? sin )

CPane =

<Fppg = ~(1/4) B sin? P | > (220)
.an‘l = B -31112 5 '-(1/4) g2 sin 2B

F B sin® B - 4ﬁ s4n? (e/2) o

nns

. = (8%/2)(1 = cos B)

rn1
vFPpnag = (B%/2)[~sin B + (1/2) sin 28 + B sin® BJ (220)
o Feng = B2 [~sin B+ ,(1/2) ein 28]

- n

» Pyno = (82/2)[(8/2) sin 26 - sin® 6] (224)

,X“ftﬁ;f?'(és/zj(sin g - B) l

o —

Fyns = B2 [¢ sin® (B/2) - sin
L ) o

]

(s%/2) . - {
(g* /4) sin 28 - p(22e)

gL g® 2
""—'I‘rrs . "‘B gin a

« Frri
¥

i

1‘1‘2

Y

-

-



NACA TN No., 999 15

- T = ~(g%/2) sin® B 1
tra [2) sin Y (z2f)
Fipg = 8% [ein B -(1/2) sin 28]
Fypr = (8°/2)
 Poig = —(8%/4) sin 28 (22g)

Pigs = g% [s1n® B - 4 sin? (5/2)]

Numerical values of these funcitions &ere calculated for
B = 609, 750, 909, 1209, 150°, gnd 180°, They are collected
in table I,

L]

Series Expansions

. In the numerical calculation o0f the expressions given
for the influence coefficients, 1t was found that in most
cases the value of the determinants is the small difference
of large numbers. For small angles B the 4ifference is so
small that even the use 0f calcoulating machines 1s insuffi-
cient. The influence coefficients themselves, however, are

not negliglbly small, since they are the ratios of small
quantities, :

The drfficulty cen be overcome by expanding the trigo-~
nometric functions into thelr power serles iIn the angle.
The final expressions obtained for the determinants are then
power series which converge rapidly for emall angles B.
For values of B greater than 90° the sonvergence is so
slow that the original (unexpandea) expressions are more
suitable for numerical calculations.

The influence coefficients can be calculated from the
following expressions:
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- % -

" (8/5%7) = tay « (3/9) [fag + (/8)(2a5) ] + (1/m3 {um « [ - 1]3 a4} (e
(Baa/B158%) » togy + (/W) [2ona + (/1) £ng] + (1/0® {om «[w -1 gn} (e .
L iBg/EtE%) = tn] ¢ 1) (g ¢ (/) 193] (33¢)
(AFa/A185) = 2oy + (1) [<tynz + (/1) Leng)] (e3) .
(Bga/s18) = £ey » (1w {1 ¢ [C/0) - 1] r,,a} (230
) ~(A532/5TI8%) = 240 + (1) [(1/:) - 1] 2423 (322)
. R - e v ) {tm - [um 1] s} (33¢)

where: Lo -
£a1 =(0.000115740783-0. oooooseaoeup‘w 00000041338188-0,00000001097488+. . .)

fag =(0.08333...-0. or111...8%0. oooeosas:.p‘-o 0000461946%40. ooooouaaasp . (ase)
qu

rAs =(0.008333. ; . §%-0.000850788 440, 00044642845-0. 00000147075%+0. aoooooo:mp1 -...)

fu =(0.08333. . .8%-0.01111. . . $440.0007926558-0.0000353736%+0.00000108889p1%-. . .)

£an1=(0.001041666. . . $3-0,00010913895%+0.0000053736988-0.000000184838%+0.000000003624p20--. . .)

£4q2=(0.333. . ,-0.0572777. . . p3+0. 004950327840, 0008349428640, 00001071 40858-0. 0000002881510, . . )
_ . : - . (34p)
fna3=(0.038111,. . #3-0.004563498%+0.00037243188-0.00001068388+0 . 0000002817810 . .)

£anq~(0.08333, .;'.aa-o.on:.. . .8%+0,00079238507688~0.0000352723688 ». . . )

rn2=(0.5-0.12583+0.01666. ., 4-0. 6012483473840, 0000578700880, 000001816105 ....) (no)

£1n3=(0.08333. . .p%-0.0163777.. . p%+0. oo:.aaausp“-o.oooosvsa4593+o.ooooo17apl°-. o)
.. - ' . = . .

fya2=(0.0089444. . S0, 001736113 p3+o ooousoauep‘-o oooooe4sooen5+o oooooozason‘
-0.000000006986520 +.. )

rmz-(o.ag-o.o-:eelu 33+o 00486111.,.54-0, oooaaasupeto oooozovopﬂ-o ooooooaazn1°+...) (244)

£,p5=(0.08333. ., -0.0408777. . .p3+o.oowsaeep‘-o.poozaoaospﬁw.ooooxbevswa-o.ooooooaazum )

f7,12(0.0832. ., #3-0,00317460384+0. ooosnswape-o 0000085511488+0.000000834421810
-0.000000004898833 +., .)

(24e)
2..5=(0.333...9%.0.0886. .. p%+0. 00634§20888-0 0003537358840 00001 28888922-0, 0000003280823+ . )

2, =(0,0418868-0.0097223. . . 3+0.00085458934-0. 00004491825%+0. 00000148016 738~0. 0000000344641 . .)
(342) .
2:2g=(0.5-0.1868. ,.5%+0.0232. , . 4-0.001887301588+0. 000070548758-0, 0000081 3778p30%-. . .)

£441=(0.08333. . .~0.0855%+0.00322428%-0. 0002121 8%+0. 000085688 -0. 00000025862 %.... . ).
(845)

£,01(0. oonase.h.p 2.0. ooomseaap‘w 00003224198°-0. 0080011524840, 000000018196820-. . .) } [ 4
f .

2y4a=(+0.333...p2-0.06¢8. . . p4s0. 00634938460, ooosaava“.»o 000023887810-, ..}

Numerical values of all these functions were computed for p = £°, 15°, 30° 45° 80°, 75°, and 90°. They

are pregented in table II. The functions also ware plotted in the range QO° o 90° in !1:uzen 3 to0 13.

—
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Straight Bar

By taking the limit of the determinant ratios as 8
approaches zero and r approaches infinity the influence
coefficients for the straight bar case can be derived. The
expressions so Oobtained are:

(nn)y (L/BI) = Ly # (3/E)Ju.=_i, ,  (25Ba)
v + (12/¢8)] )

~(;§)M (La/EI) . év/[v N (12/8)1] (25b)
(ka)y = © (25¢)
(rr), (L®/EI) = 12Y/[Y + (12/8)] (254)
(G)M =0 (25¢e)
-and — ' o T
($8)y (2®/BI) = v (25¢)

This special case. alsc counld be solved directly by set-
ting up the strain energy expressions £or the straight bar,
In this case again equations (25) are Obtained if the tension
and shear strain energies are consilered, If they are neg-
lected, the values 4, 6, 0, 12, and O are obtained instead
of the right-hand members of equations (25a) to (25f) . These
correspond to a section having an infinite Y. .

[ N —

. . NSV S .-
Numerical Values of the Section-Length Parameter

' (LB Ly . o7 Len -

Before beginning the actﬁélﬂéomﬁﬁfétiéﬁ .0f tHe ,numerical
values of the influence coefficlents, the limiting values of
the sectlion-length parameter 7Y must be" established.

For a rectangular section A T '
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Y= 1é'(L/_h)a

By assumiqg"-

2 inches < L < 100 inches  (26b)
the énproximage limite_beéome

o

For a balit-up section approximately

- .

-. a
B 4 =_4. (L/h)
By:using

3 inches <h < 20 inches, 3 inches <L < 100 inches (264)

the bounds on Y Dbecone

Poeom e
s

Ai&’%%ﬁ#r sections ﬁililhave Y values lying between those
for ‘the two sections discussed, Hence, the over-all limits
of Y nay bPe given as 1 and 10%, - :

~

'“ﬁﬁmerrdéf'daICulation of the Reactions at tha Mo4aBIé End o

Numericul values of the influence coefficients were com-

puted for the following values of the three parameters:

E . ';'-h-*ﬁr-rr

B =0, 5, 15, so, 45, so, 75,'90. 130, 150, 180

z»;---h-.= 10, -100; 500, 1000, 10,000, and 10°

! . l‘-

£ =.0,01, 0.1, 0,385 .

The numerical values are collectéd . 'in table III, They
are als¢ presented in a graphical form in figures 14 to 31l.

.. "1/16 imch < h <1 inck ' (26a)

100 <Y <3 % 107 T (26e)

4 < ¥ < 4000 Y (et

g1

i

E
1

B4

|
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In these the absclssa 1s the angle '8, the ordinate 1s pro-—
portional to the influence coefficient, and the parameter of
the family of curves 1is ¥, Three groups of figures are givw
corresponding to ¢ = 0,01, 0,1, and 0,25, respectively.

In another group of graphs, not preseinted here, the in-
fluence coefficient was plotted against ¥ using B as a
parameter, These curves together with figures 14 to 31
were used for cross—plotting the results in the form of -
graphs in which the abscissa is B, the ordinate is ¥, and
each curve ,0f the family corresponds to &2 constant value of
the influence coefficient, "The latter curves are presented
in figures 32 to 49. It is believed that figures 32 to 49
are the most convenient $to usé since 1n actual problems B
and ¥ are given, or can be rapidly calculated from given
data, If, however, in the actual problem the value of ¥
happens to coincide with one of the values of the parameter
in figures 14 to 31, greater accuracy may be had by using
these curves, Often it ig 'found convenient to assume ¥ to
be equal to one of the six values used,

The curves corresponding to diffsrent valuses of the pa—
rameter ¢ differ but slightly, TFor this reason the three
values used in the graphs suffice for all practical calcula—
tions and great accluracy is. not necessary in determining the
actual- value of §r in a problem ' d :

It was found in part IIT (reference 1) that changes in
the values of ¥ =and ¢ had little effect upon the final

en

results of the calculations of the bending moments in fuselage

rings as long as all the influence coefficients for a curved
bar were calculated consistently for the same values of the
parameters,

-~

Fixed End Reactlons

The reactions at the movable end being known, those at

the fixed end can be determined from the conditions of equi-
librium, (See fig, .1,) ‘Phe requiremernt of equilibrium ef
momentg about F glves: -

Np = Ny + By © sin B + Ty r(l — cos B) (27a)

The condition for the equilibrium ‘of forces ‘in the difectionf

of TF iS

- - J | H .-
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v Dy = TM cos B~ Ry sin ﬁ | (27v) . .
That in the direotion of RF 1s - ' ”i' TR e &
-BF = RM cos s + Ty sin B - ~ (R7e)

It is convenlent to traneform the expressicn fbr Ny by 4i-
viding 1t by ~L: '

. ' 7.
)

(Ng/L) = (Ny/1) + Ry [(sin s)/sJ * Ty [(1 - cos ﬂ)/ﬂ](27d)

For the straight bar these equations begome: - J—
Tp=ty o (28a) = e
- (Np/L) = (NM/L5'+-RM (28¢c) i3

In the three-unit problems the reactions at the movable
end were denoted the influence coefficients for. the movable
end. Their values were calculated in the preceding articles. [ 4
If these values are substituted for the reactions in egqua-
tions (27) or (28), the influence coefficients for the fixed
end are obtained. For instance

PR L] o

(E;)é-= (EF)M cos g - (rr)y sin L (29a}iq

—(rt)F = (rt)M cos B + (tt)M gin B ; _ (?9b)h

[(an)y/T] = [(nn)M/LJ + (rn)M [(sin B)/Bl + (tn)u [(l cos ﬂ)/ﬁ ] (290) .
‘Because of the validity of Maxwell's reclprocal theorém -
for the fixed end, ) : S

(F2)p = (7B . R L e

This relation, as well .as two additional analogous ones,
serve as a check on the accuracy of the numerical values ob-
tained for the influence coefficients. Again, six distinct
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influence coefficients exist., They are presented in table IV
for the same values of the parameters £, Y, and £ as were
the influence coefficients for the movable end, The influ-
ence coefficients are graphed in figures 50 to 85, Figures
68 to 85 were obtained in the same mgnner as were those for
the movable end, : '

THE EFFECT OF A UNIFORM SHEAR FLOW

When e uniform shear is applied along a curved bar
which is part of a rigid frame, 1%t is convenient to consider
the two ends of the bar rigidly fixed, and to determine the
three reaction components N, B, and T at each end. These
reactions and the spplied shear flow constitute a system of
equilibrium., ZForces and moments equal and opposite to the
reactions can then be assumed to be acting upon the end
points of the bar, and the displacements and stresses caused
by them in the rigid frame can be determined by the procedure
of systematic relaxations, These stresses superimposed upon..
the stresses caused by the first-mentioned system. df equilib-
rium give the complete solution.of the stress problem.

The problem of the determination of the end reactions
caused by the shear flow is considered important enough to
warrant, the development of formulas and the graphic repre-
gsentation of the numerical values of the reactions‘ The
case of a constant shear flow alone is considered, since it
is always possible to subdivide a curved bar with a variable
shear flow into segments along which the variation of the
shear flow is small enouoh to bPe neglected in engineering
calculationa., .

The reactions at the ends of the rigidly -fixed curved
bar can be calculated from squations (17) 1f the displace-
ments 8y, 8, and 8y are ’'set equal to zero., (In this

case ¢ . is assumed to be different from zero ) The momen},
radial force, and tangential forece caused by a consStant shear
flow are denoted by the symbols Dgs Tgs and tq, respec-
tively. The sign convention is that shown in figuré 1, and
the values given are valid for the end of the bar toward
which the shear flows. At the opposite end the reactions

are equal in magnitude and opDosite in sign because of the
antisymmetry of the system. It should be noted that all the
reactions considered here are acting from the support upon
the curved bdar, :
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The following symbels are introduced: S A=
) 2 .. e . e . .- . -’.- il
-_an = (6 /2) + cos B - 1 © - (30a) "
Fgo = -8 cos B+ [1+ (®/Yt)] sin B~ (kE/2) + (A/4) sin 28 (30D)
Fos = (p”/z)- 5 gin E+ (A/2) sina B+ (58/Y£)(1~ cos B) (80c) . =.em
Tha sofggion of the thrae simultaneous ‘ligear equationsv .
iB,; . . L. - .. . .- .. . i ST —SER
“n /L qx [(nn)M L/EI](F /e“')-:- E(n)-,(b /EI>J(Fq8/5“> | s
R ;‘ ‘ T , T . S
REEEEE .+'[(€3)M[(La/EI)J (Fq3/64> . (31a) -
A
-7 /Lq_"‘ [(nr)}g (L /El)j(Fql/S )+ [(rr)M (n /EI)](Y B/ﬂ ) L
, T i 4
cutin o u-f [(t;)M'(Lé/EI)] (anlﬁ:) ) (31b) )
~tq/La = [(at)y (LE/E;)](FQ%/§3)+ [(?7)M_‘LS[%I)J§EQB/?}2fm,ﬂmgﬁ o
) .+_£(€?}M (L?/EI)J (gqa/p4) f,(§i$)a.c .
As in the previous case for small angles B few"_'sig"nif-ifi
icant figures are obtained for F /f-‘z’ a/ﬁ -and _Fasf'ﬁ"‘,).ﬁ,
even if a .calculating machine 1is used, Consequently,_ series |
expansion nust be resortE‘d\ to.. The exp'ressi_ons obtained . T e
o f, Ly f"' ' 1:
/B‘ﬁ- (odohlss...ﬁ 0. 001383. 8% 10, oooozh3015355 ) (322) " -,
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Fqo/8*) = (0.0333,,.8,~0,0051587308 > +0, 00035068788"
—o.oooo;gséelebﬂﬁ5;ub\+;(L/Y)(—0.3353.i.B
+0.06666. .. 8% —0; 0065492068 ° +0, 00035273368 —...)

+(1/Y£)(0.1666...8-—0: 05883, ,,8% +0,006150793p"

—0,00034997798"7 +...) (321)

(an/s4)= (0.013888...6% -0,0013888,..B" +0,000067791B°
-0,0000021127348° +,..) + (1/¥)(0,50 ~0.1666.,.872
+0, ozzz...a4 -0, 00158; 01556 +0, 0000705467338—...)
+(1/v§)(o 12582 -0,0208333,..p*% +0,00156258°

-0,0000702711682 +...) - (32¢)

If the shear and extensional strain energies are neg-’
lected, Y must . be assumed t0 be infinitely:large., The de-
nominatpr determinant and the numersgtor determinants de- :
fining tha,fixed end, reactions can then be .g¥ven'in the fol--
lowing simplifieq form, ,calculated from expressions given -.ﬁb

a.rlier-_,r . - .o Cap

- V. .o T PR S
el e DR : ERE A -

. r‘.[“h h.,J Tia - S VDT SR P
¢ q Zr cos (B/2)(8 - sin Q) 683&) f

1

. . . L= -
P Y ey et REN . 3

,453055 qfs cos CB/Z) Eﬁ(ﬁ + sin E) -8 sin'é (a/z)](szb)

.

fy .=

3_ . o e - IR RS

venn A qu. ‘cOB (5/2) [{2 + cos ﬁ) < 3 sin 5] (38¢{_?

-

“Ay Ti= 2qr? ein (s/z)‘[;cqos B+ 1) %2 s1a B] . (834) .,
..."_q"":.: . L I . ) e P e s - v
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A simple falatﬁcn is found to exist Between -tq. and Tq p)

“tg/(1a) = {1 -Fg/t1) 18 Jan (/2)/8 (330

. For small angles B 1t is agaln necessary to sxpand
the functions in power series, The final expressions for
the fixed end reactions then become, after the resulting
numeratprs are divided by the resulting denominator deter—
minants: e

-ﬁq/(Laq) = B(0,008333.,. +0,0001190476262 +0,000000992066%

U AL B

¥ -0,0000000044396% ~0,0000000001008° -, .,) (34a).

r /(Lq) g(0.1 +0,0002380968% ~0,00000793678*

N 2 _ ] .

L T .
ANY3 e,

o, oooooozzsuﬁs -0, oooooooomos8 ...) (34p)

C - RS- B SN -
ERF 2 R A

-tq/(Lg) =m{1 ~[rq/(La)]e } 50;5 +0,041666,.. 8% +0,0041666.., 8%

+0,0004216269£5 +o,000042713869+...3 ‘ (34c) —

: Numerical values of the reactions were calculated and - 4
are prefaented 1n s graphical form, It was found that they - ‘

are ‘almog't independéh% ‘of the cross-sectional properties, ‘n:{
especially 1 %h'e” case (Of Tq and tq. Hence these two rex:

actions were calculated only for the case when Y = 1000, -"°
Figures 92 and 93 contain the values of rq and tq plotted
again®t B for the “thrée conditions £ = 0,01, 0,10, and
0.25., The variation of ng was more apparent. For thils

regson values :Qff 13 gre plotted in figures 86 to 88 corre-
sponding to five di%ferent velues of the parameter Y. A -
cross plot of the results is presented in figures 89 to 91

in whtich the -abscissg ig, B, the ordimate Y, and each curve
corresponds to a constant valuve of Dge '

It would .appear ;that the shear problem Jjust discussed
is statically determinate since thers are three equations

r

4
T

l; :ﬁn

i

(b
al

,uiil
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and three unknowns. Howgver, two of tﬁe.equilibrium equa-
tions are 1nterd9pendenﬁ, . & useful relation can be obtained
in the following way.

Eauilibrium in the directlon of T of all.the forces
acting upon the curved bar requlres that

L

T(1 + cos B) - R sin B + [sin g/8 (Lg)] = 0 _ (35ai
In the direction of R
E(cos B - 1) + T sin § + (Lg) [(1 - cos B)/B] =0  (35%)

The condition of momenflequilibrium about F is,'. ) ‘ Lot
W+ It [(1-cos B)/BJ+IR (sin B/B)+ (qu)[(ﬁ-_sin e)/Bfl: o (35c>

If R 1is eliminated from equatlon (35c) and elther of
‘equations (35a) or (B35b), there results the simple expression

~B(¥/1) = 0,5(Iq) + T o 'l ;'(Bsq)

. »
N . - %
-l ),

Hence, only one reaction due to ‘shear neged be computed '
from equations (31), (33), or (34) after which the-o%her two
may be readily’ found with the =aid” of’ acuations ¢85).l+Bqua~- "’
tions not used can serve then for checking %he nﬁhericar"‘u
velues. This procedure was adopted in the prepargtion of’
this report. -

.
YN I Jer 0

1

P “CONGLUSIONg *+ "= *: - ¢3 F.u
. A ﬁ

T3 RSN TR . : Lo EENE A .;z;-r.;'i-"
) : .

1, Influence coefficients are presepnted for curyed bars
the median line of which i® an arec of a circl% to’ be used in
calculatibns by Southwell!s procedure of, sfstema%ic Telaxa~
tions. ‘The influence coefficient (tr)F 1s defined 'a's the

reaction from.the support upon .the fixed end F of the.. f"ﬂ"
curved bar in, the tangential ~ (t-). direction canﬁed by &’ | .
unit displagement, 'of the movable end M _of the gurved bar = .
in the radiasl (r-) direction. (Sees fig, i) Thg influence
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coerficieats (£M)y (ar)y (dt)y, (mm)p (Fr)p (*¥)p, (bn)p,
and (tt)F are defined in and analogous manner. Because of
Maxwell!ls reci;;ocal theorem (nr)F = (rn)F, (nt)F = (ZB)F,
and (rb)F = (tr)F. The influence coefficient (tr)M aif-

fers from (tr)F insofar as it represents the reaction at
the movable rather than the fixed end,

The influenceicoef{iciants'dgpend upon the parameters

B, Y = AL®/I, and f = A¥ /A ' —

I . - - :
* . . - . .

2."It is suggesfed that the nﬁmerical values of the in-
fluence coefficients for the movable end be obtained in one .
of the 2ocllowing four ways: )

(a) Read the value of the influence coefficlent from
the appropriate diagram of figures 32 to 49 corresponding to
the actval. valne of B and Y, and the closest approximate
value of ¢, Ixpressions for f are given in equations (10), s
(11), (12), ana (13).

(b) If Y happens to be close to one of the values 10,
100, 50C, 1000, 10%, or 10%, greater accuracy may be had by
using the appropriate diagram of figures 14 to 31, Devia-
tions from the actual value of Y .and § 40 not seem to
have great effect upon the results of the displacement and
stress calculations by the relaxation method, as long as the
same value 6f' Y (and. £) is used for determining all the
influence coefficients, '

(e¢) If Y has one of the values listed under 1tem (b)
and at tre same time the angle £ subtended by the curved
bar is equal to one of the values listed in table III, the
influence coefficlent can be obtained directly (and accu-
rately) from the table. ' .

(4) If it is desirable to obtain accurately the value .
of an influence coefficient in a case when B, Y, or
have values not listed .in table III, equations (23) in con-
Junction with figures 3. to 13 may bs used if the angle .is 4
not greater than 90° If it is greater, equations (21)
should be used. Instead of figures 3 to 13, table II can
be used for greater accuracy if B happens %o have a value
listed in 1%, ' o

|
'
Vi

L
§
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3, The influence coefficients at the fixed end can de
obtained in a like manner from figures 49 %o 85 or table IV,
For their calculation equations (27) can be used,

4, The reaction n is the moménf acting from.thqiéup:f“‘—‘

port upon one end of the curved beam of circular median-line
caused by a uniform shear flow q flowing toward the same
end, The radial reaction r and the tangential reaction

t are defined in an analogous manner, (See fig, 1,) The
reactions at the other end of the curved dbar are equal in
magnitude and opposed in sign, The reactions depend upon
the same parameters as the influence coefficiaents,

5., It 1s suggested that the reactions be determined in
one of the following four ways:!

{a) Read the value of the reaction from the appropriate
diagram of figures 86 to 93, '

(b) Use equations (31) for the calculastion of the reac—
tions. If B 1s small, the values of the functions repre—
sented by the symbols F can best be calculated from the
serles expansions given 1in equations (32),.

(¢) For most purposes 1t is permissible to disregard
the effect of the cross—sectional properties when the fizxed
end reactlions of the uniform shear flow are determined, In
such cases equations (33) can be used, If the angle B is
small, these equations should be replaced by equations (34)

‘obtained through series expansion,

In both methods suggested under items (b) and (c), equa—.
tions (35) may also be employed,

1(d%iThe following simplified formulas apply in good ap—
proximation:

—ngq/(L®q) = 0.008333,,.8 (1 + 0.0142868%2)
rq/(La) = 0,18

—t4/(La) = 0.5(1 — 0,01666,.,8%)

Polytechnic Institute of Brooklyn,
Brooklyn, N, Y,, October 1944,
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Table T
Influence Funsticns P
(For Original Funotions)
F F ¥ P
A Al a2 AB D4
(in degrees)

60 0.28709519 -0,5256988 ~0, 19634955 0.43580127

TS 0,5607328 -0, 97020357 -0, 3055277 0, 71592568

920 0,9889462 -1, 5707983 ~0, 3926991 1,000l
120 2.2967616 «~3,1416987 ~0,3926991 1,2990381
150 £,40858556 «~4 8852433 ~(,163624625 0,9330127
180 7.75156528 ~6,2831853 =00 .0

A Fronl Frma Fms qu, Fmﬁ
60 0.287T09619 -0,3755128 ~0, 19634955 0,54T97243 ~0,2617994
TS 0.b607328 =0.6336223 ~0,305%82T7 1.0071267 -0, 7190966
20 0,9689462 «0,5295087 ~0.3926901 1.5707963 ~1,5707963
120 2.2967616 0,794T103 -0.3926991, 2.5204995 ~4,7T12389%
150 44858565 5,544 7647 =0.1636246 2.1384097 " -9,1159881
180 ‘7.75156928 15.505139 0.0 ) 0.0 -12,.566371
p Foml Frn2 Fors Fem Finp Fins

60 0.2870952 | 0,1932170 | ~-0.4748518 | ~0,10402739 [ -0.1626019 | 0.2741567

TS 0,8312089 | 0,4329818 | =-1.226720 ~0,3847426 | -0,5189796 | 0O, 9412962

90 1.937692 0.7041918 | -2,467401 =1.1081418 | ~1,233701 2.467401
120 6.890285 0.5960825 | ~5.698219 -4 ,.6425451 | -5,635988 9,8696054
150 16.741468 |-~0,9544533 | «6,394769 |-~19.002061 -4, 7416075 | 23.866605
180 31.0082767 |0 O C.0 ~48, T04546 0.0 39.47684176

€66 ‘ON NI YDVN




Table I
. (contd) E
Influence Functioms F
(For Originel Funotions)

oe

B} F 7 P F 3
: 1l rre 3 trl t2
(in degrees) : :
60 | 0.62967039 | - 0.2 6036657 | =-0.86128576 | =-0.4509683 0.4972636
5 1.9216011 - | 0,3669987 ~2.0926831 -1.369658 1.605772
90 | 4.7815677 0 -3.8757846 ~3.044034 3.8757845
120 | 20.149448 -4, 165986509 8. 8902845 ~7.215489 11,934528
150 | 61.491148 -10,1705687 ~4, 48586275 ~5.8719818 | 16.T2147
180 }153.00984 0 0 0 0
A Fity Feto Fees
60 | 0.62967089 | «0.26036667 | =0.2870953
75 1.9216011 ~0. 3669987 -1.2321526
120 | 20.149448 4.16586509 | -20.670854
150 | 61.491148 10.1706687 | -62.480008
180 |153.00984 0 -124.025108

fenq s it

o . l ;\Ll l" - ' )
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Table LI . g-'
Influence Functions f - ©
(Por Series Expansions) 8
f f £ T £ f f £ T r f
in B a1 A2 A .\ mnl e m3 mé rnl ™ma
%degrm) 206 | <382 | <10t | <109 x 10° x10* |x105 | x 10t l,"{ﬁs
0 0 B8.333..4 0 0 0 0.35_‘5... 0 0 (] 0.5 0
5| 0.8808 B.3249 0,634 00,6340 0.79264 | ©0.33293| 2.7474| 0.6340 | 0,31699 | 0.49905| 0,63573
15 7.8836 8.257¢ 6.6713| 5,.8596 7.0886 C.32974 | 24,637 5,65968 2.8303 0,.4915) | 5,6402
30 | 30,984 8.0354 | 22,209 | 22.027 27.751 0.31923 | 95.628 | 22.027 |11.020 0.46696 | 21,723
45 | 67.697 7.6816 | 48.236 | 47.358 60.230 0.530260 (2068.04 47,358 23,700 0.42895 | 45.870
80 (115.23 7.2185 | B1.613 | 79,021 101.79 0.276)1 (344.65 76.021 |39.540 0,38140| 74.546
75 [171.18 6.6750 (119.67 |113.87 149,01 0.2483%9 197.85 113.87 66.500 0.32894 (103,62
90 250,98 | 6.083 (169,76 |[148.68 | 198.08 | 0.21850[p51.46 [148.68 [74.025 | 0.27627(128.01
fem, | fog, | Foms £ rrl, rrgg Lot |Fom for | Fees
x 10 x 10 x 10° x 10 x 1 1x 102 x 107 x 10° x 109
0 0 0 0 0 0 0 o. 1 8.333.J, ©
B! 66,0486 | 2.1784 7.24865 0,16905 | 0.2b6546 0.36256| 4.3523 8,5145 ] 0,25348
161 17.87L 6.4684 | 21,100 1.5082 2.2535 1.0735 |12, 7956 8.1636| 2,2b35
50 33.925 | 12.4110 | 88.032 5.8580 8.6503 2.0455 |23.87% 7.6718| 8,8503%
45 ] 48.546 17.420 L4T7.279 12.662 18.189 2.8270 | 51.851 66,9090 |18,189
80 | 64,500 | 21.172 46,512 20.819 29,325 3.3625 | 56.810 5.9659(29.326
- 76| 57.066 | 25.515 34,928 29. 751 40,450 5.5825 | 35.658 4,9830 |40.452
90 | 64,056 24,467 13.3537 88,589 50,081 5.5249 | 31.82% 4,1242 |60.007
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Table IIIa

v_“n

™
n
Inflnenns Coeffloieut 55..( L/EI)
, (For Movable E.mﬂ‘
B (in degrees)| - 0° 50 15° 30° 459 60° 7569 900 120° 1500 180°
Tz A2/ ¥ = (a%/4) = 0.25
10 1,517 | 1,518 | 1,521 | 1,5%3 | 1,546 | 1,560 | 1.572 | 2,580 | 1.578 | 1.550 | 1,495
100 3,027 | %.0%32 | 3,069 | 3.181 | 3.327 | 5,473 | 3.597 | 5.684¢ | 3.769 | 3.699 | 3,562
500 3,757 | 3.765 | 3.956 | 4.461 | 5,007 | 5.45 5.757 | 5.945 | 6.068 | 5,930 | 5.634
1000 3,863 | 5.914 | 4.282 | 5,187 | 5.894 | 6,407 | 6,707 | 6.860 | 6.884 | 6.675 | 6,301
1o§ 2,986 | 4.462 | 6.393 | 7.842 | 8.284 | 8.407 | 8.406 | 8,335 | 8.066 | 7,668 | 7,161
10 4,000 | 8.649 | 8.938 | 8.%435 | 8,888 | 8.812 | 8.70% | 8,572 | B.239 | 7.808 | 7,278
¥ = (4%/8) = 0,10
10 1,231 | 1,231 | 1.235 | 1.246 | 1.258 | 1.268 | l.275 | 1.279 | 1.279 | 1,267 | 1.242
100 2,364 | 2.369 | 2,407 | 2.508 | 2.618 | 2,707 | 2.768 | 2.801 | 2.803 | 2.743 | 2.595
500 3.419 | 3.445 | 3,652 | 4,075 | 4.489 | 4.778 | 4,952 | 5,042 | 5,049 | 4.952 | 4,637
1000 3.679 | 3.730 | 4.087 | 4.845 | 5.444 | 5.799 | 5.986 | 6.092 | 6,060 | 5.906 | 5.524
108 | s.064 | 4,444 | 6,343 | 7.735 | 8.150 | 8.260 | 8.236 | B.170 | 7.90T | 7.532 | 7.026
10% | 4.000 | 8.562 | 8.937 | 8,939 | 8.886 | 8.803 | 8.701 | 8.625 | B.237 | 7.806 | T7.276
= (A%/A) = 0.01
10 1.025 | 1.025 | 1.028 | 1,040 | 1,032 | 1,032 | 1,032 | 1.035 | 1.032 | 1.030 | 1.028
100 1,251 | 1.236 | 1,261 | 1,288 | 1.292 | 1,300 | 1,305 | 1.305 | 1.300 | 1.287 | 1.262
500 1,882 | 1.907 | 2.029 | 2.154 | 2.203 | 2,221 | 2.224 | 2.22 2.210 | 2,187 | 2,039
1000 2.864 | 2,413 | 2.648 | 2.878 | 2.963 | 2,992 | 2,996 | 2.986 | 2.932 | 2.848 | 2.666
10% | s.679 | 4.131 | 5.561 | 6.320 | 6,529 | 6.567 | 6.542 | 6.481 | 6.282 | 6.056 | 5.622
108 | 4.000 | 8.543 | 8,951 | 8.910 ! 8.857 | 8.781 | 8.672 | B.542 | 8.211 | 7,784 | 7.255 |i
|
- ’ ~ - % , !
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-Table ILIb
Influense Cosffiolent -r’ﬁu(LZ/‘EI)
(For Movable End)
A (in degrees)| 0° 50 15° 300 450 80° 750 90° 1209 150° 180°
§oo AA/T €= (4#/8) 2 0,25
10 1,054 | 1,087 | 1,055 | 1,109 | 1,179 | ..248 | 1.203 | 1.812 | 1.246 | 1.085 . 7806
100 4,064 | 4.082 | 4.2997| 4,924 | 5,690 | 6,574 | 7.212 | 7.621 | 7.742 | 7.076 | 5.9018
500, 5.474 | 5.627 | 6,769 | 9.767 | 12.95 |15.44 | 17.07 J1lv.92 |17.92 |16.38 | 13.88
10, 5.726 | 6.033 | 8.236 |18,3L | 17.73 [20.60 | 23.12 [22.70 ([22.04 [19.86 |18.75
10 5,971 | B8.8%0 (20,38 |28.97 |31.43 [31.90 | 31.668  |50.73 [28.15 |24.69 |20.58
10 6.000 |35.39 |55.58 |35.,49 °| 34.96 [34.22 | 33.21 |32.08 |29.06 [25.38 |21,10
§ = (A%/A) = 0.10
10, L4616 | .4644 | .4856| .5426] 6038 | .s497| .e737| .e769| .6238 | .5069) .3s21
10 2.727 | 2,757 | 2.976 | S5.554 | 4,168 | 4,621 | 4.887 | 4.973 | 4.722 | 4,088 | 3.137
500 4.859 | 4,991 | 6,095 | 8,721 {1L.11 [12,70 | 18,56 |13.87 |15.57 [12.08 9.839
108 5.357 | 5.664 | 7,996 |[12,29 | 35.77 |17.79 |[-18.72 |18.95 |18.07 [16.26 |13.42
1o§ 5.928 | 8.772 |20.09 {28,30 | 30.60 |31.035 | 30.66 |29.,88 |27.3¢ [24,02 |19.97
10 8.000 |33.58 |85.67 |35.47 | 34.95 |34.18 | 33.21 |32.26 |@29,06 [25,37 |21.103
€ =z (4%/4) = 0.01 '
10 .0406 | .0625 | .0676| .0839| .08845| ,089L| .0875 .o842 ! .or3s | .0576¢ | ,0401
102 L4616 | .4910 | .6395| .7936| .B462 | .8452| .B3TT .B067 | .7088 | .5AT8| ,3938
500 1.765 | 1,912 | 2.636 | 3.369 | 3.802 | 3.641 | 3.580 3.45%5 | 8.062 | 2,558 | 1.832
103 2,727 | 3,0207 | 4.423 .| 5.762 | 6,201 | 6.377 | 6.180 65.976 | 5.337 | 4.481 | 3.372
10% 5.357 | 8,068 (16,83 [21.21 | 22.21 [22,25 (21.83 21,16 19,30 ([16.99 |13.84
100 33.2¢ |35.41 |35,30 | 34.79 (34.06 |33.06 51.87 |=28.92 |25.26 |=21,01

§.000
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Table ILlo
Influenoe Cosfficlent my,(L2/ET)
(For Movahle End
£(in degrees) | ©° §° 15° 300 450 60° 750 90° 120° | 150° 180°
r=a¥ €« (/) = 0.25
10 0 02736 .07691 1216 L1139 ,04094 | ~,06202 | -.2077 | -.5410 | -.8484 | -1,059
100 0 L5AT4 1.574 2.734 5.180 3.176 2.611 1.737 -.5996 |-2.500 | -4.251
500 0 5.367 9,427 15.24 16,87 15,89 135,11 10.02 3.809 |[-1.526 | ~5,71B
1000, 0 8.925 18,67 27.49 27.76 24,11 19.29 14.45 5,901 | -.8587 |'-5.988
10 0o | 65.32 109.0 84.99 60.20 45,21 51.18 22.12 9.144 .1739 | -8.252
108 0 |627.3 224.3 109.19 68,65 47.16 33,30 23,39 9,637 L3279 | -6.282
€ = (A%/A) x 0,10
10 0 05208 1449 .2264 |  .2287 .1715 ,08111 | -.02358 | =.2325 | -,4114 | - .5209}
100 0 6025 1,628 2.664 2.828 2.424 1.730 .9255 | -.6728 |-2.040 | -3.013
500 0 3.501 9,194 18,79 14,07 12,19 9,555 8.822 1.864 |-2.162 | ~-5.162
1000 0 6.913 18,14 25.11 25,98 19.96 15.44 11,19 4,002 )-1.545 | -5,668
10‘}; 0 | 66.06 107.2 82.64 B8, 30 41.78 30.22 21.30 8.721 ,01998| =8.216
10 0 |627.1 224.2 109.13 68,65 47.10 33,30 23.54 9.832 .5262 | -6.285 |
¥ = (A*/A) w 0.01 B
10 0 .06618 .1316 L1175 .08074 | 05087 . 02697 .007TT9.| -.02404! -,04638( «.08241 ;;'F
100 0 .6647 1.312 1,160 8086 .5118 2848 09447 | -,2056 | ~.4278 | -,5728 |
500 o 5.323 68.471 5.660 2,998 2,658 1.616 7762 | -.5191 [-1,492 |-2.099 | 4|
1000, 0 6.648 12,66 10.89 7. 752 5.265 3.581 1.886 ~.3628 |-2.053 |=5.147 [w
10 o | 61.94 85.25 58,40 39.52 27.66 19.47 15,38 4,668 |[-1.386 |-6,713 |[m
108 o |624.0 223,0 108,5 68.26 46.88 53,11 25.25 9,561 .3007 |-8.277 |9
23
3
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Tadble IXId
Influence Coefficient Fry(L3/EI)
(For Movable End)
B (in degrees)| 0° " §0 15° 300 459 60° 750 900 120° 150° 180°
¥ = AL3/1 £ = (A+/A) = 0.25
- 10 2.069 | 2,085 | 2,210 | 2.587 | 3.097 | 3.618 | 4.058 | 4,355 | 4,542 | 4.276 | 3.852
100 8.108 | 8.286 | 9.659 | 13.74 | 18.564 | 24.22 | 28.51 | 31,55 | 33.80 | 32.32 | 29.20
500, | 10,95 | 11,88 | 18.80 | 37.02 | 56,34 | 71.45 | 81.28 | 86.49 | 87.09 | 79.67 | 68.51
105 | 11.45 | 13,31 | 26.62 | 57.20 | 83,79 [100.9 [109,9 |113.3 [109.4 97.77 | 82.67
10% | 11,94 | 29,10 | 98.43 |149.8 |164.3 |[166.6 [164.7 [158.9 |142.8 [122.9 |106.7
106 | 12,00 |176.3 [189.4 [188.6 [185.2 |180.2 [173.7 [186.1 [147.8 [126.5 |104.2
¥ = A%/A = 0,10
10 9251 .o208| 1,078 | 1.433 | 1.829 | 2.145 | 2.540 | 2.424 | 2.345 | 2.055 | 1.787
100 5.455 | 5.636 | 6.991 | 10.57 | 14,40 | 17.37 | 19.24 | 20.13 | 19.81 | 17.99 | 15.49
500 9.677 | 10.60 | 17.30 | 33.23 | 47.76 | 57.49 | 62.87 | ¢5.01 | 63.15 | 57.48 | 48,56
108 | 10,710 | 12.57 | 25.44 | 52.54 | 73.51 | 85.62 | 93.32 | 92.72 | 88.17 | 79.09 | 86.24
1og 11.85 | 28.94 | 96,86 {145.9 [159.6 [161.7 |159.8 [153.8 (138.4 [119.4 98.55
10° { 12,00 [176.3 [189.3 [188.5 |186.1 |179.96 (173.8 (167.2 |147.7 |126.5 [10%.1
E:MA:OJI
10 0.09917 .1169| ,2069| .3042] .3355| .3423] .3365| .3238| .2842| ,2381] .1963
100 0.9230{ 1.100- | 1,995 | 2.926 | 3.261 | 3.298 | 3.275 | 3.15 2.777 | 2.334 | 1,943
500 3.529 | 4.415 | 8,774 | 13,14 | 14.68 | 15.01 | 14.79 | 14.27 | 12.69 | 11.01 9.042
103 | 5.455 | 7.220 | 16.66 | 23.73 | 26.48 | 27.07 | 26.71 | 25.8 25,10 | 19.95 | 16.64
10% | 20.m | 26.98 | 78.37 |10s.8 [111.8 [|111.8 [109.3 [105.4 94.76 | 82.85 | 68.27
108 | 12,00 [175.5 [188.4 |187.5 |184.2 [u79.2 |172.8 [165.2 [147.0 |125.9 103,66
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Table IIIa
Influence Coeffioient -Er,(L%/EI)
(For Movable End)
A (in degrees)] 0%} . 5° 15° 30° 459 60° 750 900 120° 150° | 180°

r= ALZ/T €= (A*/A) = 0.25
10 ol ' .3447] 1,002 | 1.808 | 2.294 | 2.442 | 2.307 | 1.979 | 1.099 .3525 0
100 0] 3,991 | 11,55 | 20.56 | 25.04 | 27.07 | 25.58 | 22.28 |13,62 5.576 0
500 o| 21.16 59.36 | 96.74 |108.7 [108.7 90.36 | 74.09 |42.38 17,20 0
1000 o 42.54 |114,9 |170.2 |178.7 [163,7 [127.0  [100.3 54,93 [ 21,86 )
10% ol 392.9 856.6 |515.8 |366.7 |[266.8 |196.8 [145.1 |73.85 |28.43 0
106 0 3764 1347 658.4 |417,0 [290.1 |209.4 [152.5 76.69 | 29.87 0

€ = (A*/A) = 0.10
10 0 ,3931( 1,110 | 1,837 | 2.085 | 1.982 | 1.690 | 1.328 L6338 | L1705 0
100 ol 4,091 | 11,49 |18.77 | 31.07 | 19.9 | 17.18 | 13.78 7.327 | 2.621 0
500 o| 21.13 57.84 | 87,39 | 91,12 | 8L.79 | 68.08 | 55.9¢ |29.38 |[11.62 0
1000 0| 42.41 |1m.5 [155,5 (150.7 |128.6 |103.66 | 80.52 |43.18 |17.05 0
1o§ ot 391,35 | 645.3 [499.8 |355.4 |258,3 |191,3 140,83 71.29 | 27.50 0
10 0 {37653 1347 658.0 |{416.8 [289.7 [209.3 [153.8 76.66 | 29.36 0

X =z {(A*/A) = 0.01
10 0 .4057 ,8143] .7548| .6581| ,4051| .2911| .2l62| .0835| .01911 |. O
100 o| 4.056 8.107 | 7.41% | s5.532 | 3,988 | 2.892 | 2.031 .8597 | .2109 0
500 o| 20.25 39.7L | 35.65 | 26.52 | 19.87 | 24.07 | 10.06 4,560 | 1.428 0
1000 0| 40.36 77.32 | 67.90 | 50.19 | 36.72 | 26.84 | 19,39 9,147 | 3.077 0
104 o| 872.6 518.6 |[354.4 |2¢3.0 |173.9 [127.2 93,18 [46.90 |18.08 0
10° 0 [3745 1340 654.5 |414.6 |288,5 ]208,2 |151.5 78.25 {29,20 0
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Pable ITIf
Influence Coeffioient thy(L%/EI)
(For Movable End)
A (in degrees)|0° 5° 15° 300 450 60° 750 90° 120° 150° 180°
§ = Até/t | & = (A%/A) = 0,25
1
10 10 9.965  9.691| 8.851| 7.686| 6.438 | 5.294 | 4.355 | 3.274 | 3.056 | 3.326
100 | 100| 99.55| 95,89 | 84.96 | €8.61 | 55.49 | 42.22 | 51.55 |18.06 |13.00 |13.35
500 | s00| 495.5 | 461.9 | 372,1 | 273.8 | 191.2 [129.7 86.49 |38,15 |20.09 |17.97
1000, | 1000, 985.8 | 884.2 | 646.7 | 4sL.2 | 278,5 178,0 |115.3 46,01 |22.04 |18.81
102 10% o011 4999 1930 897.7 | 474.9 |269,6 [158.9 57,61 |24.48 |19.64
108 10?86225 10245 2469 1019 | 515.2 [285.9 |166.1 59.24 |24.8)° |19.67
£ = (A%/A) = 0.10
1 i
10| 10 9.926  9.358| . 7.796] 6.000| 4.432 | 3.245 | 2,424 | 1.611 | 1,469 | 1,495
100 | 100| 99.15, 92.76 | 7T5.58 | 66.53 | 40.42 | 28,44 | 20.13 | 11.35 8.911 | 9,464
500 | 500| 493.6 | 447.5 | 336,0 | 230.0 | 151.9 99.35 | 65,01 |29.22 |17.2¢ |16.22
1000 | 1000 982.1 | 857.8 | 591.3 | 374.9 | 234.2 [148.6 92.72 | 38.37 {20.03 |17.81
10%5|  10% 8975 4914 1877 870.3 | 459.9 |262.3 [153.8 55.99 | 24,16 |[19.53
108 10?36196 10242 2468 1019 514.5 |285.8 [167.2 59,22 |24.81 |19.74
€ 3 (A%/A) = 0.00
10 | 10 9.390  6.285| 2.919] 1.452| 0.8068| 0.4919| 0.3468| 0,1878 | 0.1669 | 0.1947
100 | 100 95.82| 62.51 | 28.61 | 14,33 7.809 | 4.825 | 3,150 | 1.784 | 1,521 | 1.800
500 | 500 | 467.2 | 305.1 | 136.7 67.7L | 37.38 | 22.33 | 14.27 7,422 | 6.081 | 6.594
1000 [1000 | 929.9 | 592.8 | 259.0 | 126.9 69.48 | 41.09 | 25.81 | 12.54 9.292 | 9.885°
104 10%| 8543 3912 1333 597.8 | 312.6 [177.5 |105.4 | 40.60 |20.40 |17.95
10| 10%[es782  hols7 2455 1013 512.3 |284.3 |165.2 58,97 |24.75 |19.72
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Table IVa

Influence Coeffiofemt mme(L/EI)
(For Fixed End)

Y

A (in degrees)| 0° 50 15° 300 459 80° 750 90° 120° 1500 180°
y = ALY/T ¥ = (A%/2) = 0.25
10 .4828 .4834 | ,4882 5038 .5262 .5532 .5825 .6122 5745 . 7433 .8212
100 |-1,027 |-1,021 | ~,9766.| ~.8408 | =.66 -,4474 | -.2467 | -,0622 .2719 | .5657 | .8BG5
500 | ~1.737 |~1.710 |«1.509 | ~,9658 | =.3587 | ..LT2 .585 .8841 | 1.380 | 1.7152 | 1.99%
1000, | ~1.865 -1.810 |-1,430 | -.5377 | .2854 | .881 | 1.302 |1.602 | 1.997 | 2.267 | 2.488
10 | -1,986 | =1.508 434 | 1,923 | 2,433 | 2.6856 | 2.771 | 2,856 | 2.975 | 8.077 | 3.180
108 | -2,000 | 2.653 | 2,950 | 2.995 | 3.010 | 3,032 | 3.052 |3.068 | 3.12¢ | 3.195 | 3.279
£z (A*/A) = 0,10
]-Ob -~ 8836 e 5582 e 3236 e 2%7 s 0755 . M24 \-' . 1409 ™ 2346 - 3686 » 5085 - 6768
500 |(-1.419 |-1.393 |-1.197 | -.7255 | -.2687 | ,08B96 .357 .5565 .8565 | 1,108 | 1.351
1000 |{-1.879 |-1.626" (-1.259 | -.468 .1884 | .617 L9171 | 1.149 | 1,453 | 1.698 | 1.918
1og -1,964 | ~-1,480 4268 | 1,839 [ 2.322 |2.535 | 2.6%0 |2.727 |(2.848 | 2.9351 | 3,069
10°{-2.000 { 2.569 | 2.948 | 2.993 | 3.009 | 3,026 | 3.056 | 8.082 | $.123 | 3.194 | 3.277
g = (a%/2) = 0.01
10 L9752 L9757 { .9782 | ,9904 ,982% .9828 .9831 . 9825 L9751 | .9860 .9882
100 , 7692 L7742 .T995 | .8270 | .8389 | .B4SS .8485 .8515 .B597 | .87T7 .8975
300 J1177]  .08252] .2658 | .3949 L4507 | .4787 | .4973 5146 | .5546 . 6056 . T0S0
1000 | -.3636| =-.3142 | -,07614| .l628 .2634 | .3149 .5498 | .3821 L4511 .5433 | .6818
10% | -1.679 | ~1.2286 .2143 | 1,026 | 1.272 | 1.382 | 1.453 | 1.528 | 1.657 | 1.B27 | 1.985
108 | -2.000 | 2.552 | 2.929 | 2.9 | 2.985 |} 2.998 | 3.02¢ | 3,039 | 3,101 | 3,174 | 3.259
- [ ‘ a ‘ x
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Table IVb
Influence Coefficlent Tmp(LZ/BI)
(For Fixed End)
B (in degrees)| 0° 50 15° 30° 459 80° 759 900 120° 1500 180°
r:m&& € = (4%/8) = 0.25
10 1,054 | 1.0%| .ooer| .eoos| .7633| 5798 8946} .2077 ~,154% | -.4897 | -.7T806
100 4.054 | 4.019| 3.746 | 2,912 | 1.775 5865 | -.6552| ~1,737 | ~-3.625 | -4.878 | -5.918
500 5,474 | 5.312| 4.098 "a860 | -2.776 | -5.868 | ~8.246 |-10,02  [-12,26  |-15.42 | -13.88
1000 5.725 | 5.407] 5.124 | -2.221 |-7.091 |-10,58 |-1£,91 |-14.45 16.18  |-16.77 |[-16.75
10t £om | 3.097| -8.5%% |-17.41 |-20,29 [-2l.47 }-21,95 [-22.2  |-21,99 -21,47 |-20.58
108 6.000 |-21,58 |-25.49 |-25.86 |-23.82 -25.73 |-25.57 |-23.39 {-22.88 - [-22.14 |~-21.10
§z (A%/A) 2 0.10
10 0.4615| .a622| .4319| .36eT| .2658| .l763| .0960} .0286 } -.1088 -.2333 | ~.3621
100 o 727 | 2-694 [2.44) | 1.746 "oas7| .2108| ~-.4063| -.9265 |-l.778 | -2.520 | -5.187
500 4.839 | 4.678 | 3.508 6600 | -2.097 | -4.206 | -5.720 | -6.822 | -8,297 | -9.562 ~9,839
1000, 5357 | 5.040 | 2.824 | -1.%09 | -5.804 | -8.391 |-10.07 |-1L.19  |-12.50 -13,31 | ~13.42
10 5928 | %.088 ~8.288 |-16.82 [-19.59 [-20.67 |-21.25 }-21.30  |-21.22 -20.81 [-19.97
105 6.000 |-21.49 -23.61 |-23.85 |-23.8) [-23,70 |-23.57 - |-23.64  |-22.87 -22.13 | -21.10
¥ = (Ax/A) = 0.01
l L] |
10 0.0496| .oa662 .03084 _olsed .00B48 .000BO =-.00841 -.007791 -,01608 ~, 02666 ~.0401
100 "1615| 4325 .2772| .1073| .O2662 -.02063 -,05823 -.00447) =-,1764 | ~-.2605; -.3938
500 1768 | 1.623 | .8645{ .O79L| ~-.2794) -.4B13| -.6543 -.7762 | -1.081 | -l.469 | -1,832
1000 o727 | 2.418 | .9956| -.4565|-l.082 |~l.421 | -1.666 -1,886 | -2.337 | -2.864 | -8.3T2
104 c 257 | 5.639 \-5.997 |-10.83 |[-12.24 [12,88 |-15.16 |-13.38 -13.68 {~-14.01 |-13.84
108 6.000 |-21.27 -23.52 [-25.70 |-28.86 |-23.57 |-23.42 -23,25 |-22.74 |-22,02 |-21.01
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Table IVe

Influence Coeffioient tup(L?/EI)
(For Fixed End)

A(in degress) | 09-  &° 16° 30° 459 60° . 750 | 900 120° | 250° 160°
r=afay | £ = (A*/A) = 0,25
10 ol .x7e | .3a7s| 6598 |  .0145| 1.104 | 1,255 | 1.512 | 1.349 | 1.262 | 1.089
100 0| .9011 | 2.633 | 4.840 | 6.226 | 7.281 | 7.641 | 7.621 | 6.904 | 5.703 |4.251
500 0| s.845 [10.86 | 18.08 | 21.09 | 21.22 [19.88 |17.92 (15.61 | 9.509 |5.718
000 |o| 7.42¢ | 2017 | s0.46 | 32.27 | 2090 |26.35 22,70 |16.14 [10.67 | 5.988
10 o 65,84 [110.6 | 88.09 | 64,80 | 49.25 |38.55 |s0.73 [19.81 [12.19 | 6.252
106 |ole27.8  |225.8 |112.3. | 78.27 | 55.22 |40.70 [32.05 |20.35 [12.40 | 6.282
£ = (A%/A) = 0,10
10 0| .09236| .2656| .467& | .6887 |  .6484 | .671T | .6760 | .6575 | .6097 | .5299
100 0| .8406 | 2.382 | 4,084 | 4,943 | 5.214 | 5.168 | 4,975 | 4.426 | 3,811 | 3,013
‘500 |o| s.s04 | 10.46 | 16.30 | 17.81 .| 1r.00 |15.57 |13.87 (10,64 | 7.902 |5.162
000 - |o| 7.381 | 1e.52 | 27.89 | 28.10 | 25,39 |=2z.08 |[18.95 |13.65 | 5.470° {5.668
1 ol 65.57 |1w08.7 | 85.72 | e2.86 | 47.76 |36.86 [29.85 |19.32 12,08 | 6.216
10" |ole27.57 |225.8 |112.2 73.24 | 53,15 [40.70 [32.25 |20.3¢ |12.40 | 6.283
¥ = (a*/4) = 0.01
10 o| .orso| .1as5| .1487| .iles| .1026| .09147| .0842 | .O7593| .06895 | 06241
100 o] .7049 | 1.458 | 1.401 | 1.170 .9879| .8s2s | .soeT | ,Tie6 | .6442 | .5728
500 o| 5.483 | 6.933 | 6.581 | 5.374 | 4,482 | 3.876 | 3.455 | 2.911 | 2,570 |2.099
1000 o| 6.886 | 13.38 | 12.31 9.852 | 8.069 | 6.845 | 5.976 | 4.814 | 4,002 |3.147
10 |ole2.40 |e6.65 | 6112 | 43.65 | 33.08 |26.12 [21.16 [14.35 | 9.700 |5.713
106 lolsza.6  |224.6 | 111.7 72.87 | 52.93 |40.51 |31.87 |z0.26 |12.37 | e.277
- L B L4 - ”
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Table IV4
Influenoe Coefficignt Ir (L5/EI)
(For Pixed Bod) ©
£ (in degrees) | 0° 5O 159 30° %° | 60° 75° %° 1202 150° | 180°
e AL2/T €= (a8/4) = 0.26
10 -2.068 | -2.047 | -1.876 | -1.336 | ~0.5676 | ©0.306L| 178 | 1.979 | s.2285 | s.879 | .82
100 ~8,110 | -7,906 | -6,540 | -~1.616 | 4.696 | 11.32 | 17.33 | 22.28 | 28.69 | s0.78 | 29.20
500, |-10.95 | ~9,988 | -2.,798 | 16.31 | 37.08 | 54.090 | 66,24 | 74,09 | 80.25 | 77.60 | 68.51
105 |-11.45 | -9.555 | 4.026 | 35,54 | 65.68 | 82.67 | o4.21 [100.8 [102.3 | e5.59 | 82,61
10, |-11.94 5.258 | 74.86 |127,2 |148,1 |78  |147.5 (145,10 |136.4 [120.7 |10l.6
105 |[-12.00 |162.4 [165.7 {1e6.9 {1es.9 [161.2 [157.3 |152.5 |140.3 |124.5 [1o4.2
£ = (A/2) = 0.10
10 -0,924 | ~0.9029| -0.7499 | ~0,3225 | 0.1812 | o0.6449| 1,027 | 1.326 | 1.720 | 1,863 | 1.787
100 -5.46 | -6.268 | -3,7789 | o0.2279( 4,714 | 8.603 | 11.59 | 15.78 | 16.25 | 16.89 | 15.a9
600, ~9.68 | ~-B,722 | -1,796 | 14,92 30,66 | 42,09 | 40.49 | 53.94 {672 | 6559 | 48.55
0, 1-10,99 | ~8,826 | 4.204 | s2.27 | 64.59 | 68,56 76.97 | 80.52 | 81.44 | 77.02 | B6.32
105 [-~11.88 5.276 | T73.47 |123.5 158.5  |142.9 |143.4 |140.3 J1s0.8 [r17.2 98.55
105 |-12.00 |152.3 |[1e5.7 [1e5.8 l1e3.9 |i60.5 |is7.2 |36 [0.5  [12a2  |r081
€= {(A*/A) = 0,01
10 -0.099 | -0.0811| ©0.0109 | 0,116 | o0.1574 | o0.1797| 0,1940| ©.2162( O0.2144| 0,2114| 0.1963
100 -0.924 | -0.7430| 0,1708 | 1.172 1.606 | 1,800 | 1,946 | 2,081)| 2.135 | 2.055 | 1.943
50O -3.528 | -2.634 | 1.8011 | 6.444 8.574 | 9.276 | 9.765 | 10.06 | 10.29 | 10,25 9.042
10 -5.46 -3.674 4.886 | 13.39 16,77 18.27 19,01 | 19.39 | 19.47 | 18,82 | 16,64
10t |-10.72 5.586 | 57.23 | 85.67 | 92.80 | 94.76 94.55 | 93.18 | 87,99 | 80.7T | 68.2T
- 108 [-12.00 |161.6 |184.7  |164.9 162,9  [160.3 156,53 [151.5 [1%9.5 [125.7 [108.7
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Table IVe
Influence Coeffioient -tr?(Ls/EI)
{For Fixed End) _
4 (in degrees)| 0° 50 150 80° 45° 60° 750 90° 120° 150° | 180°
r= ATR/1 € = (A%/A) = 0.25

10 0 5261 1.540 | 2.859 | s3.812 | 4,354 | ¢.517 | 4.%55 | 3.382 | 1,833 0
100 of 4,698 | 18.66 | 24.67 | 30.81 | %4.52 | %4.18 | 51.55 | 22.46 |11.33 0
500 ol 22.11 82.20 [102.3 [118.7 |113.7 |101.9 86.49 | 54,23 |24,94 0
1000 0| 45.5¢4 | 117.9 |176.0 |[l82.1 [184.2 (189.0 [113.3 67.31 |29.95 0

1ot o| 393.95 | 659.7 |519.9 |s75.56 |277.7 |209.24 |1sB.9 86.82 | 86.85 0

106 ol3765 1350 664,35 [425.8 |[sor.1  |222.0 {1gs.1 89.65 |37.84 0

£a (a%/4) = 0.10

20 ) 4734 1,350 | 2:308 | 2.768| 2.847 | 2.697 | 2.424 | 1.72 .8821 | o
100 ol 4:566 | 12,9% | 21,54 | 25.08 | 25.03 | 23.08 | 20,13 | 13.49 6.726 | ©
500 0| 21,97 60.15 | 92,30 | 98,20 | 90.69 | 78.3¢ | 65.01 | 40.00 |18.88 0
1000 0| 43.34 | 114,53 |161.0 |158.6 [1%8.5 |116.7 92.72 | 54.80 |24.78 0
10% 0| 392.3 648,4 |505.8 |364.1 |269.1 [203.8 |153.8 84,14 | 35,90 0

108 0|s764 1850 664.1 |4265.6 |300.7 |221.9 |167.2 89.62 | 37.83 0

€= (.&*/A) = 0.0}

10 0 L4143 .gao1| .soso| .ez18| .4961| .4001| .3238| .2044| .1025 | O
100 o| 4.136 8.347 | 7.883 | 6.218 | 4.829 | 3.912 | 3,150 | 1,975 9814 | o
500 0| 20.55 40.62 | 37.46 | 20.13 | 2z2.68 | 17.83 | 14.27 8.708 | 4.273 0

1000 0| 40.84 78,74 70.67 | 54.22 41,81 32.75 25,81 15.43 7.311 0

104 o| s73.4 516.4 |359.8 |250.9 |18%.8 |138,5 |105,4 58,61 |25.81 0

106 0|3746 1343 660.6 |423.4 |299.4 |220.8 |165.2 | 89.19 |37.67 0
- 1 L > -
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Table IVP
Influemoce Coeffiolent Hty(L5/EI)
(For Fixed End)
£ (in degrees)| 00| - 5O 150 30° 45° 80° 750 800 120° 1600 1800
Y= J\.'La/I

¥ = (a%/0) = 0.25
10 10 9.067| 9.620{ @8.670| 7,087 6.554 | 5.599 | 1.979 | -0.6855 | -2.470 | ~5.326
100 [100| 99.50 95,81 | 83.88 | 66.22 | 5119 | 5.8 | 22.28 2,767 | ~8.474 |~-13,35
500, |500, 49.56 | 4e1.6- | 370.7 | 270.5 | 185.4 [120.9 74.09 17.63 -8.798 | -17,97
10° |10 9ss,8 | s85.8 | e45.1 | 427.7 |272.5 |288.7 [100.3 24.57 ~8.156 | ~18.81
10t | 10% sol. 4999,  |1i9s8. 894,) | 468.4 |269.9 |145.1 35.15 -8.987 |-19,64
106 106|aeazs. 10245. |2468. |l006. | 608.8 |276.2  |152.5 36.80 -8.804 |-10.87

€ = (A4/4) = 0,10
10 ]-0 9.922 9.826 7-670 50717 3-938 2!472 1.526 -0.2568 "1'188 '1'4%
100 |100] 99.13 92.58 | 7a.6a | 54,87 | 37.50 | 25.94 | 13,78 0.6702 | -8.407 | -9.464
500 500, 495.6 | 4a7.2 | 334.7 | 227.1 | 146.8 51,47 | 63.%4 10,83 -9.117 |-18.22 °
108 103 982.0 | 667.4 | 689.9 | 7.7 | 228,56 |138.6 80.52 18.16 -8.817 |~17.81
10t 102- 8974, 4913,  |[187s. 866.7 | 463,97 |262.6 |140.3 53.74 -7,178 |{-19,53
10° |10 86196 10241, (2486,  [1015. 508.2 |278.1 [153.8 %6.78 -6,808 |-10.74

T = (A%/4) 2 0,01
10 10 9.390| 6.281| 2.905] 1.421] o.7642| 0.4085| o0.2182| -0.0206 | -0.1350 | -0,1947
100 |100]| 93.82 62.47 | 28,48 | 14.04 7.%99 | 4.042 | 2,031 | -1.476 -1.212 | ~1.800
500 1500! ag7.2 50,0 | 1386.2 68.65 | 35.47 | 19,57 | 10.08 0.23580 | -4.555 | -8.594
105 |['103 929,9 | ss2.6 |268.2 | 125.2 | 66.54 | 36.56 | 19.39 1.853 -6.508 | =-9.886
10t 104 8843, 3912.  |1332. 594.5 | 308.9 |168.8 95.18 | 20.32 -8.650 |-~17.95
108 10bss782,  [10187.  J2s63.  jioio. 508.1 [274.7 |15L.5 36,21 -6.837 |~19.72
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